Influence of Cold Rolling and Annealing on the Tensile Properties of Aluminum 7075 Alloy  by Rao, A.C. Umamaheshwer et al.
 Procedia Materials Science  5 ( 2014 )  86 – 95 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.245 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
,QIOXHQFHRI&ROG5ROOLQJDQG$QQHDOLQJRQWKH7HQVLOH3URSHUWLHV
RI$OXPLQXP $OOR\
$&8PDPDKHVKZHU5DR99DVX 0*RYLQGDUDMX DQG.9 6DL6ULQDGK
'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ1DWLRQDO,QVWLWXWHRI7HFKQRORJ\:DUDQJDO:DUDQJDO,QGLD
1RQ)HUURXVPDWHULDOV7HFKQRORJ\'HYHORSPHQW&HQWUH+\GHUDEDG ,QGLD
$EVWUDFW
7KHSUHVHQWZRUNUHSRUWVWKHHIIHFWRIFROGUROOLQJDQGVXEVHTXHQWDQQHDOLQJDWGLIIHUHQWWHPSHUDWXUHVRQWKHWHQVLOHEHKDYLRURI
DOXPLQXPDOOR\7KHFROGUROOLQJKDVEHHQFDUULHGRXWLQEHWZHHQDQGZDVDQQHDOHGDWYDULRXV WHPSHUDWXUHVLQWKH
UDQJHRI R&IRUPLQ+DUGQHVVWHVWDQGWHQVLOHWHVWVZHUHFDUULHGRXWWRHYDOXDWHWHQVLOHDQGGXFWLOLW\SDUDPHWHUV$OOWKH
WHQVLOHVSHFLPHQVZHUHWDNHQIURPWKHWUDQVYHUVHGLUHFWLRQRIWKHFROGUROOHGDQGDQQHDOHGVDPSOH,W KDVEHHQREVHUYHGWKDWWKH
FROG UROOLQJ KDV D VLJQLILFDQW HIIHFW RQ WKH LQFUHDVH LQ WKH \LHOG VWUHQJWK DQG ORZHULQJ WKH GXFWLOLW\ RI WKH DOOR\ ,W ZDV DOVR
REVHUYHG WKDW WKH FROG UROOHG VDPSOHV DQQHDOHG DW R& VKRZHG ORZHU WRWDO HORQJDWLRQ LQ WKH WUDQVYHUVHGLUHFWLRQZKLOH IRU
VDPSOHVDQQHDOHGDWKLJK WHPSHUDWXUHV WKH WRWDOHORQJDWLRQYDOXHVZHUHREVHUYHG WREHKLJK ,QJHQHUDO LW LVDOVRREVHUYHGWKDW
IRUPDELOLW\876V\RIFROGZRUNHGDQGDQQHDOHGVDPSOHVZHUHKLJKZKHQFRPSDUHG WRFROGZRUNHGVDPSOHV)UDFWRJUDSKLF
VWXG\XVLQJ6(0DQDO\VLVZDVFDUULHGRXWIRUDOO WKHFRQGLWLRQV)DLOXUH WRRNSODFHE\ IRUPDWLRQRIGLPSOHV LQGLFDWLQJGXFWLOH
IUDFWXUH
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV&ROGUROOLQJDQQHDOLQJVWUHQJWKDQGGXFWLOLW\SDUDPHWHUV
BBBBBBBBBBBBBBBBBBBBB
 &RUUHVSRQGLQJDXWKRU 7HO  ID[ 
(PDLO DGGUHVV XPDPDKHVZDU#JPDLOFRP
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
87 A.C.Umamaheshwer Rao et al. /  Procedia Materials Science  5 ( 2014 )  86 – 95 
1RPHQFODWXUH
&Z &ROGZRUNHG
H (QJLQHHULQJVWUDLQ
H 7UXHVWUDLQ
. 6WUHQJWKFRHIILFLHQW
Q 6WDLQKDUGHQLQJH[SRQHQW
5H[ 5HFU\VWDOOL]DWLRQ
6 (QJLQHHULQJVWUHVV
876 8OWLPDWHWHQVLOHVWUHQJWK
V\<6 <LHOGVWUHQJWK
V 7UXH VWUHQJWK
 ,QWURGXFWLRQ
7KH[[[VHULHV $OXPLQLXP DOOR\VKDYHEHHQZLGHO\XVHGDVVWUXFWXUDOPDWHULDOGXHWRWKHLUDWWUDFWLYHZLGHVSUHDG
SURSHUWLHVVXFKDVORZGHQVLW\KLJKVWUHQJWKGXFWLOLW\WRXJKQHVVDQGUHVLVWDQFHWRIDWLJXH >/,-LQ)HQJHWDO
+HLQ]HWDO:LOOLDPV-&@7KH $OXPLQLXP DOOR\LVRQHRIWKHPRVWLPSRUWDQWHQJLQHHULQJDOOR\
,W KDV EHHQ XWLOL]HG H[WHQVLYHO\ LQ DLUFUDIW FRQVWUXFWLRQ GXH WR KLJK VWUHQJWK WR GHQVLW\ UDWLR 6L]H DQG
FU\VWDOORJUDSKLF RULHQWDWLRQ RI JUDLQV LQ WKH SURFHVV RI FROG GHIRUPDWLRQ DIIHFW WKH SURSHUWLHV RI PDWHULDO
>)-+XPSKUH\VDQG+DWKHUO\@ 7KHPHFKDQLFDO EHKDYLRXU GHSHQGVSULPDULO\RQWKHQXPEHUDQGGLVWULEXWLRQ
RIGLVORFDWLRQV LQWURGXFHGGXH WRFROGGHIRUPDWLRQ:KHQ WKHGLVORFDWLRQGHQVLW\ LQFUHDVHVIURP PDYDOXH
W\SLFDOIRUDQQHDOLQJVWDWHWRDERXW P IRUFRQVLGHUDEO\GHIRUPHGPHWDOWKH\LHOGVWUHQJWKLQFUHDVHE\DIDFWRU
RIDQGWKHGXFWLOLW\GHFUHDVHG>)-+XPSKUH\V@
,Q DGGLWLRQ JRRG GXFWLOLW\ LV DOVR UHTXLUHG IRU IRUPDELOLW\ +RZHYHU WKH HQKDQFHPHQW RI WKH VWUHQJWK RI WKH
PDWHULDOPDLQWDLQLQJ UHDVRQDEOH GXFWLOLW\ LV D SHUPDQHQW FKDOOHQJH7KH NQRZQPHWKRG LV WR LQFUHDVH GXFWLOLW\ LV
WKURXJKUHFU\VWDOOL]DWLRQGRQHE\DQQHDOLQJSURFHVV %\UHFU\VWDOOL]DWLRQ WKHUH LVDJUDGXDOGHFUHDVH LQ WKH WHQVLOH
VWUHQJWK 876 \LHOG VWUHQJWK <6 DQG KDUGQHVV DQG LQFUHDVHV WKH HORQJDWLRQ RI WKH UROOHG PDWHULDO 7KH
IRUPDELOLW\RIWKHVKHHWPHWDOLVDQLPSRUWDQWSDUDPHWHURIWKHPDQXIDFWXULQJSURFHVVGHVLJQ>/HH 16HW DO@
7DMDOO\HWDO >07DMDOO\ HW  DO@VWXGLHG WKHHIIHFWRIFROGUROOLQJDQGDQQHDOLQJ WHPSHUDWXUHRQ WKH IUDFWXUH
EHKDYLRUDVZHOODV WHQVLOHEHKDYLRURI$ODOOR\DQGREVHUYHG WKDW WKHUH LV LQFUHDVH LQ\LHOGVWUHQJWKGXH WR
KLJK GLVORFDWLRQGHQVLW\,WZDVIRXQGWKDWUHPDUNDEOHLQFUHDVHLQHORQJDWLRQZDVREVHUYHGZKHQWKHVSHFLPHQV
ZHUHUHFU\VWDOOL]HGDWWHPSHUDWXUHDERYHR&DQGDOVRUHSRUWHGWKDW\LHOGDQGWHQVLOHVWUHQJWKJUDGXDOO\GHFUHDVHG
DWWKHVDPHFRQGLWLRQ7KHREVHUYDWLRQPDGHZKHQWKHWHQVLOHVDPSOHVZHUHWDNHQSDUDOOHOWRWKHUROOLQJGLUHFWLRQ
7DMDOO\HWDO>07DMDOO\HWDO@VWXGLHGRQWKHPHFKDQLFDODQGDQLVRWURSLF EHKDYLRXU RI$ODOOR\VKHHWDQG
VWDWHG WKDW FROG UROOHG VDPSOH DQG VXEVHTXHQW DQQHDOLQJ DW R& UHVXOWHG ORZHU HORQJDWLRQ LQ WKH WUDQVYHUVH
GLUHFWLRQ+RZHYHU WKH VDPSOHV DQQHDOHG DW KLJKHU WHPSHUDWXUH WKH HORQJDWLRQYDOXHVZHUHKLJK7KH\KDYH DOVR
REVHUYHG WKDW FROG UROOLQJ DQG VXEVHTXHQW DQQHDOLQJ UHILQH WKH JUDLQ VL]H DQG JUDLQ OHQJWK UHVXOWLQJ LQ JUHDWHU
GXFWLOLW\ LQ WKH WUDQVYHUVHGLUHFWLRQZKLFKDWWULEXWHG WR LPSURYHPHQWRI IRUPDELOLW\:KHUHDV ORQJHUJUDLQV LQ WKH
FROGZRUNHGVDPSOHUHVWULFWWKHSODVWLFGHIRUPDWLRQ7KLV EHKDYLRXU LVLQGLFDWHGE\WKHORZHUHORQJDWLRQLQWKHFROG
ZRUNHGFRQGLWLRQ
6WUDLQ±KDUGHQLQJLVDQLPSRUWDQWVWUHQJWKHQLQJSURFHVVIRUPHWDOV7KHVWUDLQ±KDUGHQLQJH[SRQHQWLVRQHRIWKH
PRVWLPSRUWDQWLQGLFDWRUVRIWKHVWUDLQ±KDUGHQLQJSURSHUWLHVRIPHWDOOLFPDWHULDOV >7;XHWDO@ 7KHVWUHQJWK
GXFWLOLW\ WRXJKQHVV DQGGHIRUPDELOLW\RIPDWHULDOVDUH LQWLPDWHO\ UHODWHG WR WKHLU VWUDLQ±KDUGHQLQJFKDUDFWHULVWLFV
6WUDLQ KDUGHQLQJ H[SRQHQW DV D SDUDPHWHU FDQ EH XVHG WR PHDVXUH WKH VWUDLQ±KDUGHQLQJ FDSDFLW\ LQ WKH XQLIRUP
SODVWLF GHIRUPDWLRQ VWDJH GXULQJ WKH WHQVLOH SURFHVV DV LW QRW RQO\ GRPLQDWHV WKH SXQFKIRUPLQJ SURSHUWLHV RI
PDWHULDOVEXWLVDOVRLQGLFDWLYHRIWKHDELOLW\RIWKHPDWHULDOWRUHWDUGWKHORFDOL]DWLRQRIGHIRUPDWLRQ
3UHVHQWZRUNKDVEHHQDLPHGWRVWXG\WKHHIIHFWRI FROGUROOLQJDQGDQQHDOLQJWHPSHUDWXUHRQWKHWHQVLOHEHKDYLRU
RI DOXPLQLXP DOOR\ZKLFKZDVUHFHLYHGLQ7FRQGLWLRQVROXWLRQKHDW WUHDWHGVWUHVVUHOLYHGE\VWUHWFKLQJ
DQGDUWLILFLDODJHGDQGWRHYDOXDWHLWVVWUHQJWKDQGGXFWLOLW\SDUDPHWHUV 7KLVVWXG\KDVDJUHDWLPSRUWDQFHUHODWHG
WRWKHDXWRPRELOHDQGDHURVSDFHLQGXVWULHV
88   A.C.Umamaheshwer Rao et al. /  Procedia Materials Science  5 ( 2014 )  86 – 95 
 ([SHULPHQWDOSURFHGXUH
7KHFKHPLFDOFRPSRVLWLRQRI$ODOOR\LVJLYHQLQWDEOH7KHLQLWLDOFRQGLWLRQRIWKHPDWHULDOZDVLQSHDNDJHG
FRQGLWLRQWKDWLVLQ7 ZLWKWKHWKLFNQHVVRIPP7KH7SODWHLQWKHDVUHFHLYHGIRUPZDVWRRKDUGWREH
FROGZRUNHG+HQFHWKHPDWHULDOZDV IXOODQQHDOHG>07DMDOO\HWDO@
7DEOH&KHPLFDOFRPSRVLWLRQZRI7$OXPLQXPDOOR\
=Q 0J &X )H 6L &U 0Q 7L RWKHU $O
         %DO
$QQHDOLQJZDVFDUULHGRXWDW R&IRUPLQIROORZHGE\IXUQDFHFRROLQJWRUHGXFHKDUGQHVVIURP+YWR
+Y7KLV LV WREULQJ WKH SHDN DJHG WHPSHU FRQGLWLRQ WR2 ± WHPSHU FRQGLWLRQ7KH$O DOOR\ SODWH LQ2
WHPSHUFRQGLWLRQZDVFKRVHQDVWKHVWDUWLQJPDWHULDO607KH2 WHPSHUHG$ODOOR\IRXQGWRKDYHLQGXVWULDO
DSSOLFDWLRQGXHWRWKHLUKLJKHUIRUPDELOLW\LQFRPSDULVRQWRWKHRWKHUWHPSHUFRQGLWLRQV
&ROGUROOLQJZDVFDUULHGRXWDWURRPWHPSHUDWXUHE\XVLQJRIODEPLOOE\UROOLQJSODWHZLWKYDU\LQJWKLFNQHVV7KH
WKLFNQHVVZDVUHGXFHGIURPPPWRPPPPDQGPPUHGXFWLRQV7KHFROGUROOHG
VDPSOHVZHUHDQQHDOHGDWYDULRXVWHPSHUVLQWKHUDQJHRI ±  R&IRUPLQLQDPXIIOHIXUQDFH)LQDOO\WKHKRW
DQQHDOHGVDPSOHVZHUHDLUFRROHGWRWKH URRPWHPSHUDWXUH7KHVFKHPDWLFUHSUHVHQWDWLRQRIWKHWUHDWPHQWIROORZHG
VKRZQLQWKHILJXUH
)LJXUH 6FKHPDWLF UHSUHVHQWDWLRQRIWKHKHDWWUHDWPHQWF\FOHIROORZHG
0HWDOORJUDSKLFVDPSOHVZHUHSUHSDUHGIRUDOOWKHFRQGLWLRQV7KHVSHFLPHQVZHUHPRXQWHGDQGJURXQGHGRQWKH
YDULRXV JULW SDSHUV IROORZHG E\ GLVF SROLVKLQJ E\ XVLQJ  PLFURPHWHU GLDPRQG SDVWH ,Q RUGHU WR UHYHDO WKH
PLFURVWUXFWXUHDOOWKHVDPSOHVZHUHHWFKHGZLWKNHOOHU¶VUHDJHQW
7HQVLOHVDPSOHVZHUHFXWDORQJWKHWUDQVYHUVHGLUHFWLRQRIWKHSODWHWRHYDOXDWHWHQVLOHSURSHUWLHVRIDOOWKHWUHDWHG
VDPSOHV7KHWHQVLOHVSHFLPHQVZHUHPDFKLQHGDFFRUGLQJ WR$670(VXEVL]HVWDQGDUGDQGWKHWHQVLRQ WHVWZDV
FDUULHGDWURRPWHPSHUDWXUH7KHGLPHQVLRQVRIWKHWHQVLRQVDPSOHZHUHWDNHQDVPP;PP;PZLWKJDXJH
OHQJWKRIPP7KHWHVWZDVFRQGXFWHGRQWKH6$+,0$'=8XQLYHUVDOWHVWLQJPDFKLQHDWFURVVKHDGVSHHGRI
PPPLQ
6WUHQJWK DQG GXFWLOLW\ SDUDPHWHUV ZHUH FDOFXODWHG IURP WKH WHQVLOH WHVW ,QLWLDOO\ HQJLQHHULQJ VWUHVV DQG
HQJLQHHULQJVWUDLQZHUHFDOFXODWHGIURPWKHGDWDRIH[WHQVLRQDQGORDGDSSOLHGLQWKHWHQVLRQWHVW7KHQWUXHVWUHVV
DQGWUXHVWUDLQZHUHFDOFXODWHGIURPWKHHTXDWLRQDQG
H OQH 
89 A.C.Umamaheshwer Rao et al. /  Procedia Materials Science  5 ( 2014 )  86 – 95 
V VH 
:KHUHVDQGHDUHHQJLQHHULQJVWUHVVDQGVWUDLQUHVSHFWLYHO\ H DQG V DUHWUXHVWUDLQDQGVWUDLQ7UXHVWUHVVVWUDLQ
FXUYHJLYHVDWUXHLQGLFDWLRQRIGHIRUPDWLRQFKDUDFWHULVWLFVEHFDXVHLWLVEDVHGRQWKHLQVWDQWDQHRXVGLPHQVLRQRIWKH
VSHFLPHQ7KHWUXHVWUHVVVWUDLQFXUYHLVDOVRNQRZQDVWKHIORZFXUYH7KHIORZFXUYHRIPDQ\PHWDOVLQWKHUHJLRQ
RIXQLIRUPSODVWLFGHIRUPDWLRQFDQEHH[SUHVVHGE\WKHVLPSOHSRZHUODZ
V  . HQ 
:KHUHQ LV WKH VWUDLQKDUGHQLQJH[SRQHQW. LV WKH VWUHQJWKFRHIILFLHQW/RJORJSORWRI WUXH VWUHVVVWUDLQFXUYH
IURP\LHOGSRLQWXSWRWKHPD[LPXPORDGZLOOUHVXOWLQDVWUDLJKWOLQHZKHUHQLVWKHVORSHDQG.LVWKHWUXHVWUHVVDWİ
 
0LFURKDUGQHVVWHVWZDVFDUULHGRXWRQ ILQHO\SROLVKHGVXUIDFHRQDOOWKHVDPSOHV+DUGQHVVWHVWZDVFDUULHGRXWRQ
+966+,0$'=8PLFURKDUGQHVVPDFKLQHZLWKD ORDGRI.JI IRUVHF )UDFWXUH VXUIDFHRI WKHEURNHQ
VSHFLPHQV IURP WKH WHQVLOH WHVW RI YDULRXV FROG ZRUNHG VDPSOHV ZHUH WDNHQ IRU WKH IUDFWRJUDSKLF VWXG\ XVLQJ
VFDQQLQJHOHFWURQPLFURVFRSH6(0
 5HVXOWVDQGGLVFXVVLRQV
 0LFURVWUXFWXUH
7KHPLFURVWUXFWXUHVRIFROGUROOHGDQGFROGUROOHGIROORZHGE\DQQHDOLQJVDPSOHVRIWKH$ODOOR\DUHVKRZQ
LQILJXUH,WKDVEHHQREVHUYHGWKDWDIWHUFROGUROOLQJWKHDFFHSWUDWLRRIWKH $OXPLQLXP JUDLQVZHUHLQFUHDVHGDQG
LVFRQVLVWHQWZLWKWKHPDFURVFRSLFOHYHORIFROGUHGXFWLRQV
 7HQVLOHWHVW
)LJXUHVKRZVWKHJUDSKLFDOUHSUHVHQWDWLRQRIHYDOXDWLQJVWUHQJWKDQGGXFWLOLW\SDUDPHWHUVLQUHGXFWLRQDQG
VXEVHTXHQW DQQHDOHG DW R& 6LPLODUO\ IRU RWKHU VDPSOHV WHQVLOH DQG GXFWLOLW\ SDUDPHWHUV ZHUH HYDOXDWHG DQG
FRQVROLGDWHGLQWDEOH
7KHYDULRXV VWUHQJWK DQGGXFWLOLW\SDUDPHWHUV RI WKH2 WHPSHUHG DOOR\ LQ WKH FROG UROOHG DQG VXEVHTXHQW
DQQHDOHGFRQGLWLRQDUHUHFRUGHGLQWDEOH$OVRWKHKDUGQHVVYDOXHVRIWKHPDWHULDOLQWKHUHVSHFWLYHFRQGLWLRQDUH
LQFOXGHGLQWKHWDEOH7KHFROXPQFKDUWVLQILJXUHDDQGEUHSUHVHQWWKHWHQVLOHSURSHUWLHVRIWKHFROGUROOHG
DQGVWDUWLQJPDWHULDO60,WKDVEHHQREVHUYHGWKDWDVWKHGHJUHHRIFROGZRUNLQFUHDVHVWKHYDOXHRI876DQG<6
LQFUHDVHGZKHUHDVWKHHORQJDWLRQGHFUHDVHG$OVRILJXUHVKRZVWKHVWUDLQKDUGHQLQJH[SRQHQWRIWKHFROGUROOHG
VDPSOHVDQGIRUVWDUWLQJPDWHULDO
7KH PDLQ DLP RI WKH SUHVHQW ZRUN LV WR VWXG\ WKH LQIOXHQFH RI WKH FROG UROOLQJ DQG VXEVHTXHQW DQQHDOLQJ
WHPSHUDWXUHRQWKHWHQVLOH EHKDYLRXU7KHYDULDWLRQRIWKHSURRIVWUHVV876DQGKDUGQHVVDUHVKRZQLQILJXUH,W
PD\EHVHHQWKDWWKHSURRIVWUHVVDQG876DUHKLJKHVWIRUVDPSOHZKLFKLVFROGUROOHGIRUDQGDQQHDOHGIRU
R&   PLQ ,W LV DOVR REVHUYHG WKDW WKH KDUGQHVV GHSHQG RQ WKH DPRXQW RI WKH FROG UHGXFWLRQ DQG DQQHDOLQJ
WHPSHUDWXUH7KLVFDQEHVHHQIURPWKHILJXUHDQG
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D(QJLQHHULQJVWUHVV VWUHVVDQG7UXHVWUHVV VWUDLQGLDJUDP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/RJ ± /RJSORWRIWUXHVWUHVV ± VWUDLQVORSRILWJLYHVQZKHUHDV.WUXH
VWUHVVDW H 
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FRPSDUHGWRWKHFROGZRUNHGVDPSOHV
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7KH YDULDWLRQ RI WKH ZRUN KDUGHQLQJ SDUDPHWHUV QDPHO\ WKH ZRUN KDUGHQLQJ H[SRQHQW Q DQG WKH VWUHQJWK
FRHIILFLHQW.ZLWKWKHFROGUROOLQJDQGVXEVHTXHQWDQQHDOLQJDUHVKRZQLQWDEOHDQGILJXUHUHVSHFWLYHO\,WLV
REVHUYHGWKDWWKHVDPSOHFROGUROOHGWRDQGVXEVHTXHQWDQQHDOHGDW R&UHSRUWHGKLJKVWUHQJWKFRHIILFLHQWRI
0SD
)LJXUH9DULDWLRQRIWKHSURRIVWUHVV876DQG
KDUGQHVVRIFROGUROOHGDQGVXEVHTXHQWDQQHDOHG
VDPSOH
)LJXUH (IIHFWRIFROGUROOLQJRQWKHWRWDO
HORQJDWLRQDQGKDUGQHVV
)LJXUH 0LFURKDUGQHVVLQFRUUHODWLRQZLWKWKH
YDULRXVDQQHDOLQJWHPSHUDWXUHV
)LJXUH 9DULDWLRQRIWKHQ DQG.ZLWKFROGUROOLQJ
DQGVXEVHTXHQWDQQHDOLQJ
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